Perceived size and perceived distance of targets viewed from between the legs: Evidence for proprioceptive theory  by Higashiyama, Atsuki & Adachi, Kohei
www.elsevier.com/locate/visres
Vision Research 46 (2006) 3961–3976Perceived size and perceived distance of targets viewed from
between the legs: Evidence for proprioceptive theory
Atsuki Higashiyama a,*, Kohei Adachi b
a Department of Psychology, Ritsumeikan University, Kita-ku, Kyoto 603-8577, Japan
b Faculty of Human Sciences, Osaka University, Suita, Osaka 565-0871, Japan
Received 11 April 2005; received in revised form 27 February 2006Abstract
We investigated, using three comparisons, perceived size and perceived distance of targets seen from between the legs. Five targets,
varying from 32 to 163 cm in height, were presented at viewing distances of 2.5–45 m, and a total of 90 observers verbally judged the
perceived size and perceived distance of each target. In comparison 1, 15 observers inverted their heads upside down and saw the targets
between their own legs; another 15 observers viewed them while being erect on the ground. The results showed that inverting the head
lowered the degree of size constancy and compressed the scale for distance. To examine whether these results were due to an inversion of
retinal-image or body orientation, comparisons 2 and 3 were performed. In comparison 2, 15 observers stood upright and saw the targets
with prism goggles that rotated the visual ﬁeld 180, while other 15 observers stood upright, but viewed the targets with a hollow frame
lacking the prisms. The results showed that, in both goggle conditions, size constancy prevailed and perceived distance was a linear func-
tion of physical distance. In comparison 3, 15 observers wore the 180 rotation goggles and viewed the targets by bending their heads
forwardly, and the other 15 observers viewed them while wearing hollow goggles and lying on the belly. The results showed a low degree
of size constancy and compressed the scale for distance. Therefore, it is suggested that perceived size and perceived distance are aﬀected
by an inversion of body orientation, not of retinal image orientation. When path analysis and partial correlation analysis were applied to
the whole data, perceived size was found to be independent of perceived distance. These results supported the direct perception model,
rather than the apparent distance model.
 2006 Published by Elsevier Ltd.
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Direct perception model1. Introduction
Proprioceptive information, which is produced by bend-
ing the body, tilting the neck, or raising or lowering the eyes,
greatly inﬂuences visual space perception (Howard, 1986;
Lackner & DiZio, 2005). This paper focuses on the per-
ceived size and perceived distance of targets observed from
between the legs when bending the upper part of the body
forward. One of the earliest careful observations on this
subject comes from Helmholtz, 1866/1911, who put it thus:0042-6989/$ - see front matter  2006 Published by Elsevier Ltd.
doi:10.1016/j.visres.2006.04.002
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E-mail address: achan@lt.ritsumei.ac.jp (A. Higashiyama).‘‘But the instant we take an unusual position, and
look at the landscape with the head under one
arm, let us say, or between the legs, it all appears
like a ﬂat picture; partly on account of the strange
position of the image in the eye, and partly becau-
se, . . . the binocular judgment of distance becomes less
accurate (pp. 8–9).’’
He continued,‘‘It may even happen that with the head upside down the
clouds have the correct perspective, whereas the objects
on the earth appear like a painting on a vertical surface,
as the clouds in the sky usually do.’’
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head upside down, perceived depth betweens objects is
reduced, although it is not clear whether the absolute per-
ceived distance from the observer to the object is also
shortened. One may also infer that, since binocular (stereo-
scopic) cues are present equally in both parts of the ﬁeld,
the restriction of the perceived distance variation to the
lower visual ﬁeld implies that the perceived size of an object
is likely to be based on visual angle.
If a landscape is viewed from between the legs, two ori-
entations change compared to normal upright posture. One
is the orientation of the upper body, including the head and
chest. The upper body is so inverted that the low back mus-
cles are stretched and the belly muscles are contracted, oto-
lithic stimulation in the inner ears is disturbed and the head
is congested with blood. The other is the orientation of the
retinal image. By inverting the head upside down, the reti-
nal image is reversed from left to right and is inverted from
up to down. Note that when we attempt to see a landscape
between our own legs, we have to direct our back to it and
bend the body forward. This transformation of the retinal
image is equivalent to a 180 rotation of the visual ﬁeld.
The problem to be addressed in this study is how the
visual and proprioceptive sources of information aﬀect per-
ceived size and perceived distance of objects seen between
the legs. As has already been cited, Helmholtz accounted
for the changes to the perceived size and perceived distance
in terms of the information on the retinal image. He
assumed that, in the inverted posture, the retinal image is
formed on a site that diﬀers from the usual site of stimula-
tion (i.e., the sky, for example, is projected on the upper
portion of the retina and the ground is projected on its low-
er portion), and binocular stereoscopic distance judgment
becomes less accurate. As a consequence, perceived depth
between objects is compressed, and perceived size of
objects is reduced according to size–distance invariance.
Meili (1960) similarly interpreted changes of the perceived
size of objects when viewed from between the legs. We call
this interpretation the ‘‘apparent distance theory.’’
Some may wonder why inversion of the retinal image
reduces perceived depth? We think that Helmholtz’s
account is based on perceptual learning during space per-
ception: we see objects as near unless we learn to see them
as far (see Ross & Plug, 2002; pp. 121–122 for review). This
idea is restated: (1) most of our experience is of terrestrial
scene, viewed from the upright posture, (2) we learn to per-
ceive terrestrial distance accurately in this circumstance,
but it is diﬃcult for this learning to transfer to unfamiliar
scene (e.g., viewing of the inverted retinal image). As a
result, perceived depth between objects is foreshortened
when viewing the scene between the legs.
By accurate perceived distance, we mean that perceived
distance is proportional to objective distance. In other
words, the exponent of the power function, which has been
used to construct the scale for distance (Wiest & Bell,
1985), approximates unity. If the exponent is smaller than
unity, it means that perceived distance is compressed,whereas an exponent that is larger than unity means that
perceived distance is expanded. The apparent distance the-
ory assumes that the exponent of the power function would
be smaller than unity only when the retinal images are
inverted.
Another theory of ‘between legs’ perception is based on
the changes of proprioceptive information coming from the
orientation of the eye, neck, or body (see Ross & Plug,
2002, pp. 153–186; for review). The crucial assumption of
the proprioceptive theory is that size constancy is dominant
in usual normal posture, but is more reduced the more
unusual the posture (Ching, Peng, & Fang, 1963; Hermans,
1954; Holway & Boring, 1940a, 1940b; Suzuki, 1991, 1998;
Van der Geer & Zwaan, 1964; Wood, Zinkus, & Mountjoy,
1968). Although no one has ever speciﬁed a physiological
process underlying this assumption, it seems to us that
those authors who emphasize the role of proprioceptive
information on perceived size have assumed that perceptu-
al learning regarding size constancy develops under normal
posture, and it is deteriorated when this normal posture is
changed (Higashiyama, 1996), because the neural context
of the judgment circuits is changed.
By usual normal posture, we mean that the eyes are at
the primary position, and the head and trunk are kept
upright with respect to the direction of the gravity. Accord-
ing to this deﬁnition, raising or lowering the eyes produces
unusual proprioceptive information of the eye. Also, tilting
the head laterally or backward while keeping the trunk
erect produces unusual proprioceptive information of the
neck. Similarly, bending the trunk forward or lying in a
supine position on a bench produces unusual propriocep-
tive information of the trunk. However, standing on one
leg and raising both hands, for example, is not unusual in
the light of our deﬁnition, because, in this case, observer’s
head and trunk agree with the direction of the gravity. Ori-
entation of the limbs including the arms and feet is presum-
ably not so crucial in judging size and distance as
orientation of the eyes, head, and trunk.
How does the proprioceptive theory explain the high
degree of size constancy that is achieved in normal posture?
To achieve a high degree of size constancy, we need a visual
skill that has been learned from birth onward (Brislin &
Leibowitz, 1970), and this skill—a habit that works auto-
matically for objects that we see—has been polished up
under normal posture. It is thus possible to say that size
constancy is conditioned to normal proprioceptive infor-
mation (Van der Geer & Zwaan, 1964). This visual skill
is assumed to work best under the normal proprioceptive
condition in which it has been formed. If an observer
receives unusual proprioceptive information by bending
the body, tilting the neck, or raising or lowering the eyes,
this is degraded, so that perceived size of an object is likely
to be based on the visual angle (i.e., a low degree of size
constancy). For example, as the viewing distance to an
object increases, the size of the object appears constant
under normal upright posture; but it appears smaller with
the trunk bent forward, because the object at a farther
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size of the object is likely to be based on the visual angle.
Previous studies of size perception mainly investigated
the role of the eye or head orientation, and it remains open
how the orientation of the trunk aﬀects perceived size.
The proprioceptive theory also assumes that we learn to
perceive accurate distance in the natural environment. Spe-
ciﬁcally, in a situation where several objects intervene
between the observer and the target to be judged, he or
she has accustomed to perceiving the target distance accu-
rately by making use of visual cues to distance. As for size
perception, perceptual learning for distance perception
advances under the combination of visual cues with normal
posture. Thus, either if visual cues are reduced or if normal
posture is changed, it would be diﬃcult to achieve accurate
distance judgments.
If the proprioceptive theory is valid and if there is a ten-
dency that we see objects as near unless we learn to see
them as far (Ross & Plug, 2002), it is then predicted that
depth between objects should appear to be reduced with
the trunk bending forward: Perceived distance is represent-
ed as a power function with an exponent of less than unity.
Although a direct test of this prediction regarding per-
ceived distance has not been made under the condition of
bending the trunk forward, the eﬀects of raising or lower-
ing the eyes (Carter, 1977; Hermans, 1954; Thor, Winters,
& Hoats, 1970) and the eﬀects of bending the head on per-
ceived distance (Galanter & Galanter, 1973) have been
examined. In particular, in the Galanter and Galanter
study, the subjects judged distance of targets located at
physical distance from a few hundred yards to a few miles.
The targets were at diﬀerent elevations (from horizontal to
vertical) against the ocean or against the sky. The exponent
of the power function, when ﬁtted to the judged distances,
was 1.2 for the horizontal direction (i.e., upright posture)
and 0.8 for the vertical direction (i.e., bent neck), support-
ing the proprioceptive theory.
The proprioceptive theory assumes that the visual skill
that is needed to achieve accurate size and distance judg-
ments is conditioned to normal posture. This implies that
a process similar to the classical S–R conditioning works
in visual space perception. The changes of perceived size
or perceived distance that are contingent on postural state
may be analogous to, say, saliva secretion that is condi-
tioned to white noise of 60 dB. As is well documented
(e.g., Gleitman, Fridlund, & Reiberg, 2004), the amount
of saliva secretion, in this case, is maximal to the condi-
tioned noise (i.e., 60 dB) and decreases as the loudness of
white noise goes away from the conditioned noise. It is
therefore assumed that just as noise intensity is considered
to control saliva secretion directly, so proprioceptive state
of the eye, neck, or body is an immediate determinant of
perceived size and perceived distance. Proprioceptive infor-
mation aﬀects perceived size without invoking perceived
distance or it aﬀects perceived distance without invoking
perceived size. This feature of the proprioceptive theory
is in contrast with the apparent distance theory, whichassumes that the retinal image aﬀects perceived size by tak-
ing perceived distance into account.
Both the apparent-distance and proprioceptive theories
probably predict that if objects are viewed from between
the legs, visual perception of size and distance is less sta-
ble compared with when they are observed normally. In
between-leg observation, since the retinal image is formed
on a site that diﬀers from the usual site of stimulation and
the trunk is in a position that diﬀers from its usual
upright position, it is diﬃcult for some observers to main-
tain the habit of seeing the world stably, although other
may maintain it well. This implies that individual diﬀer-
ences (i.e., inter-observer variability) of perceived size
and perceived distance are larger in between-leg
observation.
Bearing these theoretical considerations in mind, an
attempt was made to clarify the relative eﬀects of visual
and proprioceptive factors on perceived size and perceived
distance. First, a comparison was made between the eﬀect
of bent and upright head, showing how size constancy is
reduced and the scale for distance is compressed. It was
expected that size constancy would prevail in upright pos-
ture in the natural environment (Teghtsoonian & Beck-
with, 1978; Teghtsoonian & Teghtsoonian, 1970), while,
with the head placed between the legs, underconstancy of
size would occur because of the inappropriateness of visual
or proprioceptive information. As regards distance in a
large open ﬁeld, perceived distance is often proportional
to objective distance for upright posture—doubling objec-
tive distance does double perceived distance (Higashiyama
& Shimono, 1994, 2004). However, with the head inverted
in the informative condition of viewing, doubling of objec-
tive distance would be less-than-double perceived distance.
This means that perceived depth between objects would be
compressed with the head upside down.
To separate visual from proprioceptive factors, a condi-
tion in which the observers wore prism goggles making the
visual ﬁeld rotate 180 was compared with a condition in
which the observers wore only a frame minus the prisms.
Using this comparison, the eﬀect of retinal image orienta-
tion on perceived size and perceived distance was exam-
ined. We also compared a condition in which the
observers wore the 180 rotation goggles with the head
upside down, with a condition in which the observers wore
empty goggles while lying on the belly with the head
upright. Using this comparison, the eﬀect of body
orientation on perceived size and perceived distance was
studied.
If the retinal image of a landscape is formed in the same
orientation as it is in everyday life, the orientation of the
retinal image is referred to as normal or upright. For exam-
ple, in everyday life, the sky is projected on the lower half
of the retina and the ground is projected on its upper half.
If, however, the sky is projected on the upper half of the
retina and the ground is projected on its lower half, the ori-
entation of the retinal image is referred to as inverted. The
upright or inverted orientation of the retinal image is used,
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head forward while wearing prism goggles that rotates the
retinal image 180, the retinal image is upright, because,
despite the head being bent, the sky is projected on the low-
er half of the retina and the ground is projected on its
upper half.
Finally, the relationship between perceived size and per-
ceived distance was examined in two ways. First, it was
assessed whether perceived size and perceived distance
agree with the size–distance invariance hypothesis (SDIH),
which maintains that the ratio of perceived size to per-
ceived distance is determined as a unique function of visual
angle (Epstein, Park, & Casey, 1961; Gogel, 1973; for
recent review, see Ross, 2002). If this hypothesis were cor-
rect, the ratio of perceived size to perceived distance would
be the same in the experimental and control conditions of
each comparison.
Next, it was assessed whether perceived size is inde-
pendent of perceived distance by applying path analysis
and partial correlation analysis to the present data. In
path analysis, two processing models were examined.
One is the apparent distance model, in which it is
assumed that perceived size is a combinatory product
of the retinal image size of a target and perceived ego-
centric distance to it, and perceived distance is deter-
mined by what is called ‘cues,’ which include both
visual information contained in the optic arrays or retinal
images and proprioceptive information contained in eye
muscles (Kaufman, 1974; Rock, 1975; McKee & Welch,
1992). Helmholtz’s account of between-leg perception is
a version of the apparent distance model. Another model
is the direct perception model, in which it is assumed
that perceived size and perceived distance are inﬂuenced
directly by exogenous variables, but there is no causal
relationship between perceived size and perceived dis-
tance (Bertamini, Yang, & Proﬃtt, 1998; Gibson, 1950;
Oyama, 1974; Sedgwick, 1986). The proprioceptive
account of the between-leg perception may resemble this
direct perception model in that proprioceptive informa-
tion aﬀects perceived size and perceived distance
separately.
A partial correlation analysis was also used to reveal the
relationship between perceived size and perceived distance.
If perceived size is independent of perceived distance, the
partial correlation between the two variables would be
zero. This outcome is predicted from the proprioceptive
theory, which assumes that both perceived size and per-
ceived distance change with changes in proprioceptive
information, but there is no direct causal relationship
between perceived size and perceived distance. If, on the
other hand, perceived size depends on perceived distance,
a partial correlation between the two variables would be
signiﬁcant. This outcome is predicted from the Helmholtz’s
account of between-leg perception, which assumes that per-
ceived depth is so compressed in the inverted retinal image
that the perceived size is reduced according to size–distance
invariance.2. Method
2.1. Participants
Ninety undergraduates volunteered as observers. No special qualifying
criteria were imposed, except that visual acuity was normal in unaided or
corrected vision.
2.2. Stimuli and optical device
The stimuli were ﬁve similar red rectangles of 32 · 16, 48 · 24, 72 · 36,
108 · 54, and 162 · 81 cm (height · base). Each target was cut from ply-
wood and stood directly on the ground, with a support on the rear of
the target. Each target was presented at a distance of 2.5, 5, 15, 30, or
45 m from the observer. Therefore, there were 25 combinations of targets
and distances.
The targets were presented within a 2 m wide · 50 m long ditch. On the
left side of the ditch was a ﬁve-story building, and on its right side was a 3-
m high uniform concrete wall. Since there was no roof above the ditch, the
observers, if they wanted, would be able to see the sky from the bottom of
the ditch.
Sanwa goggles, equipped with right-angle prisms, were used to pro-
duce a 180 rotation of the visual ﬁeld. A strap was used to hold the
goggles steady on the head. When an observer wore the goggles with
the head stationary and explored the visual ﬁeld with both eyes, the
visible ﬁeld size was 44.5 in the horizontal and 31.9 in the vertical
dimension.
2.3. Design
The study consisted of three comparisons, each of which included
an experimental condition and a control condition. Thirty observers
were randomly assigned to each of the three comparisons. In the ﬁrst
comparison, 15 observers of the experimental condition inverted the
head and saw the targets between their own legs (i.e., natural viewing
with the head upside down). The experimenter asked these observers
to bend the head so deeply that they were not able to see the legs.
The other 15 observers (control condition) saw the targets while
being erect on the ground (i.e., natural viewing with the head
upright).
In the second comparison, 15 observers of the experimental condi-
tion saw the targets with the prism goggles that rotated the visual ﬁeld
of the observer 180. In this condition, the visual ﬁeld of the observer
was so greatly limited by the goggle frames that he or she received
less visual information (Thouless, 1968). To provide the same reduced
visual information as the experimental condition, in the control condi-
tion, each of the 15 observers saw the targets with a hollow frame
lacking the prisms. The observers in both conditions stood erect on
the ground. The experimental condition is referred to as the ‘prism-
goggle viewing’ with the head upright, and the control condition as
the ‘hollow-goggle viewing’ with the head upright. The orientation of
the retinal images diﬀered between the two conditions, but head orien-
tation, size of the visual ﬁeld, and height of the eyes above the ground
were the same in both.
In the third comparison, 15 observers of the experimental condition
wore the prism goggles and inverted the head (i.e., the prism-goggle
viewing with the head upside down). In this condition, the level of
observer’s eyes was lowered, so that, in the control condition, 15
observers wore the hollow goggle and lay on the belly with his/her chin
on the two palms (i.e., the hollow-goggle viewing with the belly on the
ground). In this comparison, it was necessary to control the level of the
eyes, because it may have an eﬀect on size judgments (Bertamini et al.,
1998) and on distance judgments (Harway, 1963; Higashiyama, 1996;
Ooi, Wu, & He, 2001). Thus, only the orientation of the head diﬀered
between the two conditions, but orientation of the retinal images, size
of the visual ﬁeld, and height of the eyes above the ground were the
same in both.
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When the observer arrived at the ditch, the experimenter asked him or
her to stand at one end of the ditch and direct his or her back to it. On a
given trial under natural viewing with the head upright, the observer was
asked to turn his/her body to the ditch, to view the target at a preset posi-
tion, and to verbally judge both perceived size (height) and perceived dis-
tance of it. Size and distance were judged in units of centimeters and
meters, respectively. After the observer had ﬁnished his or her judgments,
the experimenter changed the target for the next trial. While assistants
were changing targets, the observer again faced directly away from the
ditch.
The observer was instructed to judge the objective size and objective
distance of the target. By objective size or objective distance, we mean
the size or distance of the target that would be obtained if measured with
a ruler. Since it is well documented that size judgments are greatly inﬂu-
enced by the instructional variable—apparent, objective, and retinal
instructions (Gilinsky, 1955; Leibowitz & Harvey, 1967, 1969), it was nec-
essary to specify the instructions to observers. The main reason why we
used the objective instructions in this study is that the objective instruc-
tions are natural, clear, and understandable to observers. The retinal
instructions, which require judgments based on visual angle of objects,
are analytic, artiﬁcial, or unusual to most observers, except for the paint-
ers, architects, and scientists. The apparent instructions, which require
judgments based on subjective size of objects, are ambiguous when we
compare two objects at diﬀerent distances. Some observers interpret
apparent size as an impression of objective size we obtain when we look
at an object in normal and practical way, and others interpret it as an
impression of the visual ﬁeld an object appears to ﬁll (Joynson, 1948).
Generally, the same procedure was followed by the observers as for
natural viewing with the head upright, so only procedures speciﬁc to each
condition are described below. In the inverted head conditions, the observ-
er faced directly away from the ditch throughout the experiment. Immedi-
ately after a target was presented at a preset position, the observer bent the
head forward to see the target between his or her own legs. After complet-
ing judgments of perceived size and perceived distance of the target, the
observer returned to the upright position.
In the prism or hollow goggle conditions, the observer wore the gog-
gles throughout the experiment. After completing size and distance judg-
ments on each trial, in the prism or hollow goggle condition with the head
upright, the observer directed his or her back to the target, and in the hol-
low goggle viewing with the belly on the ground, he or she closed his/her
eyes.Fig. 1. Geometric mean size judgments (cm) as a function of objective distanc
upside-down head. Right, natural viewing with the upright head.The order of the 25 size–distance combinations was randomly deter-
mined for each observer. Seven or eight observers in each condition judged
size after judging distance for each target, while the remaining observers
judged them in the reverse order.3. Results
Since the distributions of judgments obtained in this
study were positively skewed, a geometric mean, instead
of an arithmetic mean, was obtained for each of the size–
distance combinations. For the same reason, every statisti-
cal test used in this study was performed after converting
all judgments to logarithmic scores. So, whenever we use
the term ‘mean’ in this study, it refers to the geometric
mean.
3.1. Comparison 1
Fig. 1 shows the mean size judgments for natural view-
ing with the head upside down (left panel) and with the
head upright (right panel). On log–log coordinates, the
abscissa is the viewing distance (in meters) and the ordinate
is the mean size judgment (in centimeters) taken across the
15 observers. A three-way (head · size · distance) repeat-
ed-measure ANOVA showed that the main eﬀect of dis-
tance was signiﬁcant, F (4, 112) = 12.3, p < 0.001 and the
head · distance interaction was signiﬁcant, F (4,
112) = 10.4, p < 0.001. These results suggested that mean
size judgments for the upside-down head condition
decreased with increasing viewing distance (i.e., undercon-
stancy of size), whereas mean size judgments for the
upright head condition remained constant, regardless of
viewing distance (i.e., size constancy).
The main eﬀect of size was signiﬁcant, F (4,
112) = 328.1, p < 0.001, and the head · size interaction
was signiﬁcant, F (4, 112) = 2.8, p < 0.05. This interactione (m), with the target size as the parameter. Left, natural viewing with the
Table 1
Exponents, scale factors and r2 of power functions ﬁtted to the distance
judgments in the natural view condition with the head bent and head
upright
Target size (cm) Upside-down head (r2) Upright head (r2)
32 y = 1.29 x0.88 (0.99) y = 0.80 x0.98 (1.00)
42 y = 1.16 x0.91 (0.99) y = 0.78 x0.99 (1.00)
72 y = 1.11 x0.89 (0.99) y = 0.78 x0.97 (0.99)
108 y = 1.16 x0.88 (0.98) y = 0.84 x0.95 (1.00)
162 y = 1.06 x0.87 (0.99) y = 0.81 x0.96 (0.99)
Mean y = 1.16 x0.89 y = 0.80 x0.97
x, objective distance; y, judged distance; r2, coeﬃcient of determination.
3966 A. Higashiyama, K. Adachi / Vision Research 46 (2006) 3961–3976suggested that mean size judgments for the large targets
under the upright head condition were larger than those
under the upside-down head condition, but for the small
targets, the diﬀerence in size judgment between the head
conditions was attenuated. It is also noted that mean size
judgments in the upright head condition were fairly
accurate, but mean size judgments in the upside-down
head condition were unquestionably less than the objective
size.
Fig. 2 shows the mean distance judgments for natural
viewing with the head upside down (left panel) and with
the head upright (right panel). On log–log coordinates,
the abscissa is the viewing distance and the ordinate is
the mean distance judgment (meters) taken across the
15 observers. A three-way (head · size · distance) repeat-
ed-measure ANOVA showed that the main eﬀect of dis-
tance was signiﬁcant, F (4, 112) = 472.2, p < 0.001, and
the main eﬀect of size was signiﬁcant, F (4, 112) = 4.8,
p < 0.01. This means that: (1) the mean distance judg-
ments increased with increasing viewing distance and
(2) the small targets are generally judged to be farther
than the large targets.
To reveal the eﬀects of target size on distance judgments,
we ﬁtted a power function to the distance judgments.
Table 1 shows the results. Note that the exponents of the
power function for the upside-down head condition were
consistently smaller than those for the upright head condi-
tion, but the scale factors for the upside-down head condi-
tion were consistently larger than those for the upright
head condition. This means that a target at a distance of
15 m or less appeared to be farther away under the
upside-down head condition than the upright head condi-
tion, but a target at a distance of 30 or 45 m appeared
almost at the same distance in the two head conditions.
Thus, the depth between objects appears to be much more
compressed under the upside-down head condition.Fig. 2. Geometric mean distance judgments (m) as a function of objective dista
upside-down head. Right, natural viewing with the upright head.3.2. Comparison 2
Fig. 3 shows the mean size judgments for prism-goggle
viewing with the head upright (left panel) and for hollow-
goggle viewing with the head upright (right panel). A
three-way (goggle · size · distance) repeated-measure
ANOVA showed that the main eﬀect of goggle was signif-
icant, F (1, 28) = 4.4, p < 0.05, but the goggle · distance
interaction was not signiﬁcant. These results suggested
that, although mean size judgments obtained with the
prism goggles were smaller than those obtained with the
hollow goggles, the degree of size constancy did not diﬀer
between the prism- and hollow-goggle conditions.
The main eﬀect of size was signiﬁcant, F (4,
112) = 261.2, p < 0.001, but the goggle · size interaction
was not signiﬁcant. This just means that the larger the
objective size, the larger the perceived size.
The size · distance interaction was also signiﬁcant, F (16,
448) = 2.3, p < 0.01. It is probable that the mean size judg-
ments for the large targets (i.e., the 162 cm target) decreased
with increasing viewingdistance,whereas themean size judg-
ments for the small targets (i.e., the 32 cm target) increased
with increasing viewing distance (see Fig. 3).nce (m), with the target size as the parameter. Left, natural viewing with the
Fig. 3. Geometric mean size judgments (cm) as a function of objective distance (m), with the target size as the parameter. Left, prism-goggle viewing with
the upright head. Right, hollow-goggle viewing with the upside-down head.
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(left panel) and hollow-goggle viewing (right panel). A
three-way (goggle · size · distance) repeated-measure
ANOVA showed that the main eﬀect of distance was
signiﬁcant, F (1, 28) = 565.4, p < 0.001, and the main
eﬀect of size was signiﬁcant, F (4, 112) = 10.2.
p < 0.001. Clearly, it is suggested that: (1) mean per-
ceived distance increased with increasing viewing dis-
tance and (2) mean perceived distance for the smallest
target (i.e., 32 cm) was generally larger than that for
the largest target (i.e., 162 cm), while mean perceivedFig. 4. Geometric mean distance judgments (m) as a function of objective dist
with the upright head. Right, hollow-goggle viewing with the upright head.distances for the other targets were generally between
the extremes.
We ﬁtted a power function to the distance judgments for
each target. Table 2 shows the results. Note that the expo-
nents of the power function were essentially identical in the
prism and the hollow condition (1.0), but the scale factors
of the power function for the prism goggles were somewhat
larger than those for the hollow goggles. This means that
mean perceived distance of the targets observed with the
prism goggles was larger than those observed with the hol-
low goggles.ance (m), with the target size as the parameter. Left, prism-goggle viewing
Table 2
Exponents, scale factors and r2 of power functions ﬁtted to the distance
judgments obtained through prism or hollow goggles with the head
upright
Target size (cm) Prism goggles (r2) Hollow goggles (r2)
32 y = 1.02 x1.01 (0.99) y = 1.01 x0.97 (0.99)
42 y = 1.13 x0.94 (1.00) y = 0.88 x0.99 (0.99)
72 y = 0.91 x0.99 (1.00) y = 0.69 x1.08 (0.99)
108 y = 0.91 x0.98 (0.99) y = 0.79 x1.03 (0.99)
162 y = 0.79 x1.01 (0.99) y = 0.93 x0.93 (0.98)
Mean y = 0.95 x0.99 y = 0.86 x1.00
x, objective distance; y, judged distance; r2, coeﬃcient of determination.
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Fig. 5 shows the mean size judgments for prism-goggle
viewing with the head upside down (left panel) and for hol-
low-goggle viewing with the belly on the ground (right pan-
el). A three-way (head · size · distance) repeated-measure
ANOVA was performed. The main eﬀect of size was signif-
icant, F (4, 114) = 399.6, p < 0.001, indicating that the size
judgments increased with increasing target size.
The main eﬀect of distance was signiﬁcant, F (4,
112) = 12.9, p < 0.001, and the head · distance interaction
was signiﬁcant, F (4, 112) = 3.0, p < 0.05. These results sug-
gested that, in prism-goggle viewing with the head upside
down, the mean size judgments decreased more steeply as
a function of viewing distance, compared with hollow-gog-
gle viewing with the belly on the ground (see Fig. 5).
Fig. 6 shows the mean distance judgments for prism-
goggle viewing with the head upside down (left panel)
and for hollow-goggle viewing with the belly on the ground
(right panel). A power function was ﬁtted to the distanceFig. 5. Geometric mean size judgments (cm) as a function of objective distance
the upside-down head. Right, hollow-goggle viewing with the belly on the grojudgments for each target (see Table 3). Note that the expo-
nents of the power functions for the upside-down head con-
dition were consistently smaller than those for the upright
head condition, but the scale factors for the upside-down
head condition were consistently larger than those for the
upright head condition. These results are similar to the
results of Comparison 1.
We also performed a three-way (head · size · distance)
repeated-measure ANOVA on distance judgments. The
main eﬀect of distance was signiﬁcant, F (4, 112) = 691.9,
p < 0.001 and the head · distance interaction was signiﬁ-
cant, F (4, 112) = 3.0, p < 0.05. This suggested that, in
prism-goggle viewing with the head upside down, the mean
distance judgments increased less rapidly than in hollow-
goggle viewing with the belly on the ground. As is indicated
in Table 3, the mean exponent of the power function for
prism-goggle viewing with the head upside down was
0.89, while the mean exponent of the power function for
hollow-goggle viewing with the belly on the ground was
1.01. The head · distance · size interaction was also signif-
icant, F (16, 448) = 1.8, p < 0.05. This seems to mean that
the head · distance interaction, just mentioned, was limited
to the small targets. As suggested in Table 3, the diﬀerences
in exponents between the head conditions were 0.15, 0.17,
0.11, 0.13, and 0.08 for targets of 32, 42, 72, 108, and
162 cm, respectively.
The head · size interaction was signiﬁcant, F (4,
112) = 7.6, p < 0.01. The interpretation of this interaction
is depicted in Fig. 7, where the mean distance judgment
is represented as a function of target size, with the head
and the distance as the parameters. For small targets, the
mean distance judgments for prism-goggle viewing with
the head upside down were equal or larger than those for
hollow-goggle viewing with the head upright, whereas for(m), with the target size as the parameter. Left, prism-goggle viewing with
und.
Fig. 6. Geometric mean distance judgments (m) as a function of objective distance (m), with the target size as the parameter. Left, prism-goggle viewing
with the upside-down head. Right, hollow-goggle viewing with the belly on the ground.
Table 3
Exponents, scale factors and r2 of power functions ﬁtted to the distance
judgments obtained through prism goggles with the head upside down or
through hollow goggles with the head upright on the ground




32 y = 1.05 x0.87 (1.00) y = 0.61 x1.02 (0.99)
42 y = 1.06 x0.88 (0.99) y = 0.59 x1.05 (1.00)
72 y = 1.03 x0.88 (0.99) y = 0.63 x0.99 (0.99)
108 y = 0.94 x0.88 (0.99) y = 0.63 x1.01 (1.00)
162 y = 0.82 x0.92 (0.99) y = 0.69 x1.00 (0.99)
Mean y = 0.98 x0.89 y = 0.63 x1.01
x, objective distance; y, judged distance; r2, coeﬃcient of determination.
Fig. 7. Geometric mean distance judgments (m) as a function of objective
distance (m), with the goggle–distance combination as the parameter (P,
prism; H, hollow).
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gle viewing with the head upside down was equal or smaller
than those for hollow-goggle viewing with the belly on the
ground. This means that the eﬀect of relative size on per-
ceived distance (Epstein & Landauer, 1969; Gogel, 1964,
1969; Higashiyama, 1977, 1979; Landauer & Epstein,
1969) was enhanced in prism-goggle viewing with the head
upside down, compared to hollow-goggle viewing with the
belly on the ground.
The size · distance interaction was signiﬁcant, F (16,
448) = 2.5, p < 0.01. Fig. 7 helps to interpret this interac-
tion. For a viewing distance of 2.5 or 5.0 m, the mean dis-
tance judgment generally decreased with increasing target
size, but for a distance of 15 m or more, it was almost con-
stant, regardless of target size. Thus, the eﬀect of relative
size on perceived distance was limited to targets close to
the observers, but for distant targets, its eﬀect was reduced.
3.4. Variability of judgments
To examine variability of verbal size and distance judg-
ments, we calculated a standard deviation (SD) for each of
the 25 size-distance combinations under each comparison.
Fig. 8 shows the results. The three left panels show the
SDs of size judgments and the three right panels show
the SDs of distance judgments. The top, middle, and bot-
tom panels represent the results of Comparisons 1, 2, and
3, respectively. In each panel, SDs for the experimental
condition are plotted against those for the control
condition.
Fig. 8 suggests that: (1) variability of size or distance
judgments increased with increasing physical counterpart,
(2) variability of the experimental size judgments was larger
than that of the control size judgments in all comparisons,
Fig. 8. Scatter diagrams of standard deviation between the experimental condition and the control condition. The left panels are for size judgments with
the target size as the parameter, and the right panels for distance judgments with the viewing distance as the parameter. The upper, middle, and bottom
panels are for Comparisons 1, 2, and 3, respectively.
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was larger than that of the control distance judgments in
Comparisons 1 and 2, but the reverse held in Comparison
3: the variability of the experimental condition was larger
than that of the control condition.These results imply that the variable errors of size
and distance judgments were smaller when the observers
viewed targets with the head upright and were larger
when the observers viewed them from between their
legs. But, the results for Comparisons 2 and 3 were
Fig. 9. S 0/D 0 as a function of visual angle (rad), with the goggle or head
condition as the parameter.
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inverted while keeping the head upright or when only
the body was inverted while keeping the retinal image
upright, the variable errors of judged size were larger
than those of the control size, but the variable errors
of judged distance were equal to or smaller than those
of the control distance.
3.5. Size–distance invariance
To examine the relationship between size judgment, dis-
tance judgment, and visual angle in each condition, the
ratio of size judgment to distance judgment (S 0/D 0) is rep-
resented, as a function of visual angle on log–log coordi-
nates, in Fig. 9. The top, middle, and bottom panels of
Fig. 9 show the 50 size–distance ratios for Comparison 1,
2, and 3, respectively. The 25 data points for each condi-
tion were ﬁtted by a power function:
S0=D0 ¼ khn; ð1Þ
where h is the visual angle in rad, and k and n are constants
(Higashiyama & Shimono, 1994, 2004). Table 4 shows the
values of k and n, estimated by least-square criteria.
From Fig. 9 and Table 4, it is clear that the power
function approximately ﬁts to S 0/D 0, but the exponent
and the scale factor varied to a considerable degree,
depending on the experimental situation. The exponent
ranged from 1.00 to 1.11, and the scale factor ranged
from 0.90 to 1.45.
Fig. 9 and Table 4 are used to examine the size–dis-
tance invariance hypothesis (SDIH). If the SDIH holds
exactly, the S 0/D 0 for a constant visual angle would
be the same in all conditions of this study. However,
for Comparison 1 (top panel), the S 0/D 0 in the inverted
head condition was consistently smaller than that in the
upright head condition. Similarly, for Comparison 2
(middle panel), the S 0/D 0 in the prism goggle condition
was consistently smaller than in the hollow goggle con-
dition. These results challenge the SDIH. Yet, for Com-
parison 3 (bottom panel), where prism-goggle viewing
with the head upside down was compared with hol-
low-goggle viewing with the belly on the ground, the
two functions were almost the same, supporting the
size–distance invariance hypothesis. So, we may con-
clude that the SDIH is formulated as Eq. (1), but the
constants in Eq. (1) depend on experimental conditions,
including both visual and proprioceptive conditions.
This is consistent with the results of perceived size
and perceived distance of objects that were observed
through diﬀerent mediums. Higashiyama and Shimono
(2004) obtained the S 0/D 0 for the targets that were
observed in plane and convex mirrors. For a given visu-
al angle, the S 0/D 0 for convex mirrors was larger than
that for the plane mirror. Ross and Nawaz (2003) com-
pared validity of SDIH in air and in water and found
that the SDIH held better in water and it did not hold
precisely in air.3.6. Path analysis
To compare the apparent-distance and direct-perception
models by means of path analysis, all data in this study
were run on the AMOS program. For either model, the
independent or exogenous variables were objective size,
Table 4
A power function ﬁtted to S 0/D 0 as a function of visual angle (in rad) in
each of the six conditions
Visual condition Head condition Power function (r2)
Natural viewing Upside down S 0/D0 = 1.21h1.11 (.99)
Natural viewing Upright S 0/D0 = 1.24h1.02 (.98)
Prism goggles Upright S 0/D0 = 0.90h1.04 (.98)
Hollow goggles Upright S 0/D0 = 1.13h1.00 (.99)
Prism goggles Upside down S 0/D0 = 1.45h1.06 (.99)
Hollow goggles Upright head with
lying on the belly
S 0/D0 = 1.39h1.04 (.99)
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inal image orientation; dependent variables were perceived
size and perceived distance. Since objective size, objective
distance, visual angle, perceived size, and perceived dis-
tance are metric variables, these variables were all convert-
ed to logarithmic scores. Since body and retinal-image
orientations are nominal variables, ‘1’ was arbitrarily
assigned to the upright posture or normal retinal image,
and ‘0’ was assigned to the upside-down posture or invert-
ed retinal image.
There were three assumptions among the variables in
this analysis. First, visual angle is correlated with objective
size or objective distance, because a relation, S = D tanh,
holds among objective size, objective distance, and visual
angle. Second, body orientation is independent of objective
size, objective distance, or visual angle, and retinal-image
orientation is also independent of objective size, objective
distance, or visual angle, and body orientation is indepen-
dent of retinal image orientation. Third, perceived size or
perceived distance is connected with a residual error, which
reﬂects both unexplained variance and measurement error.
As was mentioned earlier, the apparent distance model
assumes that perceived size is aﬀected by both visual angle
and perceived distance, and perceived distance is aﬀected











Fig. 10. The apparent distance modeorientation. Fig. 10 represents the apparent distance model
that was assumed in path analysis. This model and all
research data were entered into the AMOS program and
the path coeﬃcients (i.e., standardized regression coeﬃ-
cients or beta weights) were obtained. The path coeﬃcients
thus obtained are shown in Fig. 10 as the eﬀect of an
arrow-nocked variable on an arrow-headed variable, con-
trolling other prior variables; the asterisks attached to sev-
eral coeﬃcients represent the signiﬁcance of 1% by z tests
(Note that several path coeﬃcients were larger than unity
in this analysis. If exogenous variables are independent of
each other (r = 0), all path coeﬃcients have to be within
a range of +1.0 and 1.0. But, if there are correlations
among the exogenous variables, as a case of the present
model, some path coeﬃcients may be larger than +1.0 or
smaller than 1.0). At the upper right of each of boxes,
representing perceived size and perceived distance, the mul-
tiple correlation coeﬃcient is shown, which is based on
independent variable and prior variables connected by
arrows to the dependent variable. Although there are prob-
ably 20 or more tests to explain how well this model ﬁts the
data (e.g., Hu & Bentler, 1998), we made use of three of the
tests provided by the AMOS program, and obtained good-
ness-of-ﬁt index (GFI) of 0.80, adjusted GFI (AGFI) of
0.61, and Akaike information criterion (AIC) of 213.44.
It is said that the more the GFI approaches unity, the bet-
ter the ﬁt of the model to data, and, in particular, a model
that produces a GFI of 0.90 or more should be satisfactory.
AGFI and AIC are used to compare models with respect to
goodness of ﬁt: the larger the AGIF, the better the model;
inversely, the smaller the AIC, the better the model.
The direct perception model assumes that each of the
ﬁve exogenous variables aﬀects both perceived size and per-
ceived distance, but there is no causal relationship between
perceived size and perceived distance. Fig. 11 represents the
results for the direct perception model. The GFI of 0.91,




























Fig. 11. The direct perception model and the results of path analysis.
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model ﬁtted the data satisfactorily. Note that the AGFI
for the direct perception model was larger than that for
the apparent distance model, whereas the AIC for the
direct perception model was smaller than for the apparent
distance model. These imply that the direct perception
model provided a better ﬁt to the data than the apparent
distance model.
One notes that body orientation did not signiﬁcantly
contribute to size or distance judgments in either model,
although the eﬀect of body orientation was signiﬁcant in
the results of ANOVA performed on the data. There are
two possible explanations for these seemingly conﬂicting
outcomes. First, path analysis diﬀers from ANOVA, so
that path analysis and ANOVA did not produce the same
outcomes. In ANOVA, sources of variances are separately
evaluated relative to their error terms, whereas in path
analysis, path coeﬃcients are determined so as to give the
best goodness-of-ﬁt to a model as a whole. Second, more
important, either apparent-distance or direct-perception
model we have considered is not a model that suitably
reﬂects the network of size-and-distance processing. ToTable 5
Partial correlations between physical variables (S, D, and h) and perceptual v






r(S, S 0) 0.063 0.137 0.4
r(S, D 0) 0.392 0.163 0.4
r(D, S 0) 0.003 0.190 0.3
r(D, D0) 0.486* 0.470 0.6
r (h, S 0) 0.106 0.130 0.3
r (h, D0) 0.315 0.229 0.4
r (S 0, D0) 0.338 0.269 0.1
Each correlation was obtained when the eﬀects of the other three variables ar
a Lying on belly.
* p < 0.05.
** p < 0.01.contrast the apparent-distance and direct-perception mod-
els clearly, we had to represent these models as simply as
possible, as illustrated in Figs. 10 and 11. So, if we con-
structed a better model than the present models, it would
show a signiﬁcant eﬀect of body orientation.
3.7. Partial correlation analysis
Table 5 shows the partial correlation between physical
variable, S,D, or h, and perceptual variable, S 0 or D 0, and
the partial correlation between S 0 and D 0. In obtaining each
partial correlation, it is assumed that the eﬀects of the three
other variables were controlled. Since there was a unique
pattern of partial correlations for each condition, it is dif-
ﬁcult to summarize the outcome succinctly. However, sev-
eral general tendencies were found in Table 5. First, the
partial correlation between perceived size and perceived
distance, r(S 0, D 0), was not signiﬁcant in ﬁve of the six con-
ditions and was signiﬁcant only for prism-goggle viewing
with the head upside down. Second, when the observers
wore the prism goggles or bent their heads downward,









25* 0.411* 0.264 0.103
87* 0.010 0.487* 0.190
07 0.189 0.160 0.227
17** 0.070 0.559** 0.342
08 0.134 0.016 0.290
67* 0.126 0.351 0.147
44 0.320 0.525** 0.216
e kept constant.
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ical distance and perceived distance, r (D, D 0), were mostly
signiﬁcant (ﬁve of six cases). Third, when the observers
stood erect and saw targets with naked eyes or with the hol-
low goggles, the partial correlations examined mostly failed
to be signiﬁcant (20 of 21 cases).
4. Discussion
4.1. Visual or proprioceptive?
An important ﬁnding of this study was that, when targets
were viewed from between the legs with the head bent for-
wardly, the perceived size decreased as the viewing distance
increased (i.e., underconstancy of size), and the perceived
distance increased less rapidly, compared to the usual stand-
ing condition (i.e., contraction of distance). These results
agree with Helmholtz’s description, mentioned in Section 1.
More interestingly, underconstancy of size and the con-
traction of the scale for distance were not obtained in the
inverted retinal-image condition with the head upright,
but were obtained in the inverted head condition with the
retinal image upright. This suggests that the proprioceptive
body state aﬀects both perceived size and perceived dis-
tance, and bending the body from the normal upright posi-
tion directly lowers the degree of size constancy and
compresses growth of perceived distance. This result does
not support Helmholtz’s account, which is based on inap-
propriateness of visual information.
How can one explain the fact that a change of body ori-
entation is accompanied by a change of perceived size and
perceived distance? It is assumed that in the course of
development of visual space perception, visual space per-
ception may have been conditioned to proprioceptive body
state. Since a person began walking, he or she has seen
objects mainly with the head and trunk being upright,
and the upright body position has worked as a framework
of our visual space perception. In other words, the ability
of seeing objects accurately has been formed, contingent
on the body being upright, so that size and distance percep-
tion is most sensitive to the upright body position. This
means that size constancy mostly prevails for the upright
body and deteriorates according to unusual orientations
of the body. It can be assumed that a similar connection
holds between perceived distance and body orientation.
In the upright body position, we have learned to achieve
accurate distance perception. However, with the body bent
forwardly, the usual proprioceptive body state that we are
familiar with is so disturbed that the function of the visual–
proprioceptive system is lowered, resulting in less discrim-
ination of distance.
4.2. Size and distance judgments in the normal conditions
Figs. 1, 3, and 5 show that size judgments were accurate
under normal conditions, where both the head and retinal
image are upright. These results agree with the results ofTeghtsoonian and Teghtsoonian (1970) and Teghtsoonian
and Beckwith (1978).
Tables 1–3 indicate that the exponents of the power
function, ﬁtted to the distance judgments, were close to
1.0 when the head and retinal image were upright. This
result agrees with the results of our previous studies, in
which perceived distance were judged for objects on the
ocean (Higashiyama & Shimono, 1994) and in playgrounds
(Higashiyama & Shimono, 2004). It is thus readily conclud-
ed that the judged distance is proportional to the objective
distance under the natural environment. In contrast, the
scale factors of the power function in this study were less
than 1.0, even under normal conditions; they were 0.80,
0.86, and 0.63 for Comparisons 1, 2, and 3, respectively.
Considering the values of exponent and scale factor togeth-
er, it is suggested that reported distances averaged about
76% of its objective distance. This result supports the study
of Foley, Ribeiro Filho, and Da Silva (2004), who found a
reduction of perceived egocentric distance in an open ﬁeld.
In short, although both perceived size and perceived dis-
tance are visual extents, perceived size is judged accurately
relative to familiar physical units, such as meters or centi-
meters, but perceived distance is judged shorter than its
true distance. This outcome agrees with the results of Hig-
ashiyama (1996); Higashiyama and Ueyama (1988); and
Toye (1986).
4.3. Direct or mediational?
The results of path analyses favored the direct percep-
tion model, rather than the apparent distance model. This
implies that there was no causal relationship between per-
ceived size and perceived distance. A similar conclusion
was obtained by partial correlation analysis, in which the
partial correlation between perceived size and perceived
distance, r(S 0, D 0), was not signiﬁcant in ﬁve of the six con-
ditions in this study.
According to the path coeﬃcients obtained for the direct
perception model, the size judgments were aﬀected over-
whelmingly by objective size. This means that as objective
size increases, judged size increases, presumably by
responding to the higher-order variables (e.g., relation of
a target to the background) that lead to veridical size per-
ception. Size judgments were also aﬀected mildly by visual
angle. This means that the visual angle per se, without com-
bining with perceived distance, is available to experience of
perceived size (Rock & McDermott, 1964). Similarly, the
distance judgments were aﬀected overwhelmingly by objec-
tive distance. This means that as objective distance increas-
es, the judged distance increases by responding to the
higher-order variables (e.g., texture gradient), which lead
to veridical distance perception. Distance judgments were
also aﬀected mildly by visual angle. This means that, even
in the informative condition of viewing, distance is per-
ceived to be larger for the target of smaller visual angle
(Epstein & Landauer, 1969; Gogel, 1964, 1969; Higashiy-
ama, 1977, 1979; Landauer & Epstein, 1969).
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ceived size and perceived distance depends on the experi-
mental situation (e.g., Norman, 1980). The results of the
present and our previous studies, in which partial correla-
tion analysis was applied to assess the network of size
and distance perception, have suggested that, in an infor-
mative condition of viewing (Higashiyama & Shimono,
1994), perceived size is independent of perceived distance,
whereas in a reduced condition of viewing (i.e., Higashiy-
ama, 1983; for monocular viewing in total darkness, and
Higashiyama & Shimono, 2004; for convex-mirror viewing,
where virtual size and virtual distance of targets are
extremely shrunken), perceived size depends on perceived
distance. It seems that the visual system needs a cognitive
or mediational manipulation to judge size and distance in
a reduced condition of viewing, but in an informative con-
dition of viewing, the visual system is able to produce per-
ceived size and perceived distance by responding directly to
the abundant optical and physiological variables.
4.4. Physiological correlates
The proprioceptive theory assumes that the function of
visual space perception is conditioned to tactile and propri-
oceptive state of the body. Recent studies of physiology
and neuroscience (e.g., Ganong, 2003; Klatzky, Lederman,
& Reed, 1987; Zangaladze, Epstein, Grafton, & Sathian,
1999) have indicated that tactile and proprioceptive infor-
mation interacts with visual information at the posterior
parietal cortex. Tactile information, produced at Pacini
capsules and others in the skin, is projected to the primary
somatosensory area S1 in the postcentral gyrus, and pro-
prioceptive information, yielded at speciﬁc receptors in
joints and ligaments, is projected to the cerebellum and also
to the postcentral gyrus. The information from S1 or the
related areas in the postcentral gyrus is then sent to the
posterior parietal cortex and is mixed with visual informa-
tion that is sent out through the dorsal pathway of visual
processing. It is thus suggested that the posterior parietal
cortex is an important site for haptic-visual interactions.
Typical haptic-visual interactions are visually guided
actions or eye-and-hand coordinating actions (e.g., reach-
ing out and answering a phone, picking up a coﬀee cup,
or shaking a colleague’s hand when he or she comes into
the room). If we are about to take these actions, we have
to compute absolute distance and absolute size of the visual
objects to relate them to the hand of our body that pro-
vides an egocentric frame of reference (Goodale & Milner,
2004). Thus, visual perception of absolute distance and
absolute size may be related to neural activity at the poster-
ior parietal cortex, where tactile/proprioceptive informa-
tion is mixed with visual information.
Acknowledgments
This research was partially supported by the Ritsumei-
kan University Research Fund to A.H. and by Grant-in-Aid for Scientiﬁc Research #16530480 from the Ministry
of Education, Science, Sport, and Culture in Japan. We
are indebted to Mark Hollins (University of North Caroli-
na at Chapel Hill), who read the earlier version of this
paper.References
Bertamini, M., Yang, T., & Proﬃtt, D. R. (1998). Relative size perception
at a distance is best at eye level. Perception & Psychophysics, 60,
673–682.
Brislin, R. W., & Leibowitz, H. W. (1970). The eﬀect of separation
between test and comparison objects on size constancy as various age
levels. American Journal of Psychology, 83, 372–376.
Carter, D. S. (1977). The moon illusion: a test of the vestibular hypothesis
under monocular viewing condition. Perceptual and Motor Skills, 45,
1127–1130.
Ching, C., Peng, J., & Fang, Y. (1963). The eﬀect of distance and posture of
observer on the perception of size. Acta Psychologica Sinica, 22, 20–30.
Epstein, W., & Landauer, A. A. (1969). Size and distance judgments under
reduced conditions of viewing. Perception & Psychophysics, 6, 269–272.
Epstein, W., Park, J., & Casey, A. (1961). The current status of the size–
distance inavariance hypotheses. Psychological Bulletin, 58, 491–514.
Foley, J. M., Ribeiro Filho, N. P., & Da Silva, J. A. (2004). Visual
perception of extent and the geometry of visual space. Vision Research,
44, 147–156.
Galanter, E., & Galanter, P. (1973). Range estimates of distance visual
stimuli. Perception & Psychophysics, 14, 301–306.
Ganong, W. F. (2003). Review of medical physiology (21st ed). (chapters 7
and 12). McGraw-Hill Companies.
Gibson, J. J. (1950). The perception of the visual world. Boston: Houghton
Miﬄin.
Gilinsky, A. S. (1955). The eﬀect of attitude upon the perception of size.
American Journal of Psychology, 68, 173–192.
Gleitman, H., Fridlund, A. J., Reiberg, D. (2004). Psychology (6th ed).
(pp. 125–132). New York: W.W. Norton & Company.
Gogel, W. C. (1964). Size cue to visually perceived distance. Psychological
Bulletin, 62, 217–235.
Gogel, W. C. (1969). The sensing of retinal size. Vision Research, 9,
1079–1094.
Gogel, W. C. (1973). The organization of perceived space I. Perceptual
interactions. Psychologische Forschung, 36, 195–221.
Goodale, M. A., & Milner, A. D. (2004). Sight unseen: an exploration of
conscious and unconscious vision. Oxford: Oxford University Press.
Harway, N. I. (1963). Judgment of distance in children and adults. Journal
of Experimental Psychology, 65, 385–390.
Helmholtz, H. L. F. von. (1866/1911).Handbuch der physiologischen Optik.
Leipzig: Voss. [J.P.C. Southhall (Ed. and Trans.), Treatise on physio-
logical optics, Vol. 3. Rochester, NY: Optical Society of America].
Hermans, T. G. (1954). The relationship of convergence and elevation
changes to judgments of size. Journal of Experimental Psychology, 48,
204–208.
Higashiyama, A. (1977). Perceived size and distance as a perceptual
conﬂict between two processing modes. Perception & Psychophysics,
22, 206–211.
Higashiyama, A. (1979). The perception of size and distance under
monocular observation. Perception & Psychophysics, 26, 230–234.
Higashiyama, A. (1983). A variety of size and distance judgments under
monocular observation: Instructions and individual diﬀerences.
Human Sciences (University of Osaka Prefecture), 13–14, 91–111.
Higashiyama, A. (1996). Horizontal and vertical distance perception: the
discorded-orientation theory. Perception & Psychophysics, 58,
259–270.
Higashiyama, A., & Shimono, K. (1994). How accurate is size and
distance perception for very far terrestrial objects? Function and
causality. Perception & Psychophysics, 55, 429–442.
3976 A. Higashiyama, K. Adachi / Vision Research 46 (2006) 3961–3976Higashiyama, A., & Shimono, K. (2004). Mirror vision: perceived size and
perceived distance of virtual images. Perception & Psychophysics, 66,
679–691.
Higashiyama, A., & Ueyama, E. (1988). The perception of vertical and
horizontal distances in outdoor setting. Perception & Psychophysics,
44, 151–156.
Holway, A. H., & Boring, E. H. (1940a). The moon illusion and the angle
of regard. American Journal of Psychology, 53, 109–116.
Holway, A. H., & Boring, E. H. (1940b). The apparent size of the moon as
a function of the angle of regard: Further experiments. American
Journal of Psychology, 53, 537–553.
Howard, I. P. (1986). The perception of posture, self motion, and the
visual vertical. In K. R. Boﬀ, L. Kaufman, & J. P. Thomas (Eds.),
Handbook of perception and human performance, Vol. 1. Sensory
processes and perception (pp. 18.1–18.62). John Wiley & Sons.
Hu, L., & Bentler, P. M. (1998). Fit indices in covariance structure
modeling: Sensitivity to underparameterized model misspeciﬁcation.
Psychological Methods, 3, 424–453.
Joynson, R. B. (1948). The problem of size and distance. Quarterly Journal
of Experimental Psychology, 1, 119–135.
Kaufman, L. (1974). Sight and mind. (Chapter 9). Oxford: Oxford
University Press.
Klatzky, R. L., Lederman, S., & Reed, C. (1987). There’s more to touch
than meets the eyes: the salience of object attributes for haptics with
and without vision. Journal of Experimental Psychology: General, 116,
256–269.
Lackner, J. R., & DiZio, P. (2005). Vestibular, proprioceptive, and haptic
contributions to spatial orientation. Annual Review of Psychology, 56,
115–147.
Landauer, A. A., & Epstein, W. (1969). Does retinal size have a
unique correlate in perceived size? Perception & Psychophysics, 6,
273–275.
Leibowitz, H. W., & Harvey, L. O. Jr., (1967). Size matching as a function
of instructions in a naturalistic environment. Journal of Experimental
Psychology, 74, 368–382.
Leibowitz, H. W., & Harvey, L. O. Jr., (1969). Eﬀect of instructions,
environment, and type of test object on matched size. Journal of
Experimental Psychology, 81, 36–43.
McKee, S. P., & Welch, L. (1992). The precision of size constancy. Vision
Research, 32, 1447–1460.
Meili, R. (1960). Ueberlegungen zur Mondta¨uschung. Psychologische
Beitra¨ge, 5, 154–166.
Norman, J. (1980). Direct and indirect perception of size. Perception &
Psychophysics, 28, 306–314.
Ooi, T. L., Wu, B., & He, Z. J. (2001). Distance determined by the angular
declination below the horizon. Nature, 414, 197–200.Oyama, T. (1974). Perceived size and perceived distance in stereoscopic
vision and an analysis of their causal relation. Perception & Psycho-
physics, 16, 175–181.
Rock, I. (1975). An introduction to perception. (Chapter 2). Collier
Macmillan Publishers.
Rock, I., & McDermott, W. P. (1964). The perception of visual angle.
Acta Psychologica, 22, 119–134.
Ross, H. E. (2002). Levels of processing of the size–distance paradox. In L.
H. Harris & M. Jenkin (Eds.), Levels of perception (pp. 143–162). NY:
Springer Verlag.
Ross, H. E., & Nawaz, S. (2003). Why do objects appear enlarged under
water? Arquivos Brasileiros de Pftalmologia, 66, 69–76.
Ross, H. E., & Plug, C. (2002). The mystery of the moon illusion. Oxford:
Oxford University Press.
Sedgwick, H. A. (1986). Spece perception. In K. R. Boﬀ, L. Kaufman, & J.
P. Thomas (Eds.), Handbook of perception and human performance
(Vol. 1, pp. 21–1 to 21–57). New York: Wiley.
Suzuki, K. (1991). Moon illusion simulated in complete darkness: plane-
tarium experiment reexamined. Perception & Psychophysics, 49,
349–354.
Suzuki, K. (1998). The role of binocular viewing in a spacing illusion
arising in a darkened surround. Perception, 27, 355–361.
Teghtsoonian, M., & Beckwith, J. B. (1978). Children’s size judgments
when size and distance vary: Is there a developmental trend to
overconstancy? Journal of Experimental Child Psychology, 22, 23–39.
Teghtsoonian, R., & Teghtsoonian, M. (1970). The eﬀects of size and
distance on magnitude estimations of apparent size. American Journal
of Psychology, 83, 601–612.
Thor, D. H., Winters, J. J., & Hoats, D. J. (1970). Eye elevation and visual
space in monocular regard. Journal of Experimental Psychology, 86,
246–249.
Thouless, R. H. (1968). Apparent size and distance in vision through a
magnifying system. British Journal of Psychology, 59, 111–118.
Toye, R. C. (1986). The eﬀect of viewing position on the perceived layout
of space. Perception & Psychophysics, 40, 85–92.
Van der Geer, J. P., & Zwaan, E. J. (1964). Size constancy as dependent
upon angle of regard and spatial direction of stimulus-object.
American Journal of Psychology, 77, 563–575.
Wiest, W. M., & Bell, B. (1985). Stevens’ exponent for psychophysical
scaling of perceived, remembered, and inferred distance. Psychological
Bulletin, 98, 457–470.
Wood, R. J., Zinkus, P. W., & Mountjoy, P. T. (1968). The vestibular
hypothesis of the moon illusion. Psychonomic Science, 11, 356.
Zangaladze, A., Epstein, C. M., Grafton, S. T., & Sathian, K. (1999).
Involvement of visual cortex in tactile discrimination of orientation.
Nature, 401, 587–590.
